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Abstract 
In this study, we investigate the influence of different external wall insulation systems on the primary energy use of a 
case study building in southern Sweden. We vary the insulation material of the external walls from rock wool to glass 
wool or expanded polystyrene (EPS) to achieve different energy-efficiency standards of the building. We apply 
appropriate thicknesses of the different insulation materials to achieve similar thermal transmittance (U-value) of the 
external walls under the different energy-efficiency standards. The different options are based on the same 
architectural design. We calculate and compare the primary energy for production of the insulation materials and for 
operation of the buildings. Rock wool gives the lowest primary energy for production, followed by glass wool and 
EPS for each energy efficiency standard, although the difference between rock wool and glass wool is small.  
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1. Introduction 
A large share of primary energy use and carbon dioxide emissions in the building sector arise from 
building operation and building materials production, especially building envelope materials such as 
envelope structural and insulation materials. Globally, over 40% of primary energy use and one-third of 
greenhouse gas (GHG) emissions are associated with the building sector [1] and about 60% of the total 
mineral extractions in the world are used for civil works and building construction activities [2]. About 
40% of the total final energy use in Europe occurs in the service and residential sectors [3]. A large share 
of this final energy use is mainly for space heating. In cold climates, a significant amount of heat losses in 
building envelopes occurs through the external wall systems and this influences the space heating 
demand. External walls represent a significant share of the total envelope area of multi-storey apartment 
buildings and therefore, could play an important role in achieving higher building energy-efficiency, if 
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well designed.  In the European Union (EU), new buildings in member states are expected to be “nearly 
Zero-Energy Building” by 2020 [4]. Also, tighter regulations in the building sector towards reduced space 
heating demand may increase the use of insulation in the external envelope systems of new buildings and 
when existing buildings undergo major renovations. This may increase the overall building mass and 
consequently building materials production energy. Different types of insulation materials may be used to 
achieve better thermal transmittance (U-value) of building envelope components but with varying primary 
energy implications. As low-energy buildings are mostly characterized by thicker insulation and massive 
external walls, it is important to understand the primary energy implications of different building envelope 
materials in order to optimize the energy savings in these building types. In this study, we explore how the 
choice of different wall insulation materials, in achieving different energy-efficiency standards may 
influence the primary energy use of a multi-storey residential apartment in Sweden. 
2. Method 
This study is based on an existing building with rock wool external wall insulation. We vary the 
external wall insulation material from rock wool to glass wool or EPS with corresponding thicknesses to 
achieve the requirements of different energy-efficiency standards for non-electric heated buildings in 
Sweden. We calculate and compare the primary energy use for production of the insulation materials and 
for operation of the buildings under each energy-efficiency standard. 
2.1. Building descriptions 
The studied building is a 4-storey multi-family apartment with wood frame, in Växjö, southern 
Sweden. It was constructed during the regime of the Swedish building code of 1994 (BBR 1994) and has 
16 apartments and total heated floor area of 1190 m2. Figure 1 shows a photograph and floor plan of the 
building.  
 
 
Figure 1. Photograph (left) and ground floor plan (right) of the studied building. 
 
We model changes to the original design of the building to achieve additional buildings with energy-
efficiency levels of the current Swedish building code (BBR 2012) or the 2012 passive house criteria 
(Passivhus 2012) for non-electric heated buildings. The modelled changes include improved external wall 
and roof insulation, better air tightness, better window and door U-values or balanced ventilation with 
heat recovery. The BBR 2012 [5] and the Passivhus criteria of 2012 [6] state the maximum specific 
energy-use, allowed for a building depending on the climate zone and whether it uses electric or non-
electric heating, whiles the BBR 1994 [5] states an average overall U-value, which must not be exceeded 
by that calculated for a building. The thermal properties for the original building and for the improved 
energy-efficiency levels of the building are shown in Table 1. 
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Table 1. Thermal properties of the building to achieve the different energy-efficiency standards 
Energy-
efficiency 
standards 
U-value (W/m2K) Air 
leakage 
at 50 Pa 
(l /s m2) 
Mechanical ventilation 
Ground 
floor 
External 
walls 
Windows Doors Roof 
BBR 1994 0.23 0.20 1.90 1.19 0.13 0.8 Exhaust air 
BBR 2012 0.23 0.13 1.80 1.19 0.11 0.6 Exhaust air 
Passivhus 2012 0.23 0.10 0.80 0.80 0.09 0.5 Balanced with heat recovery (75%) 
 
Table 2 shows the thicknesses of external wall and its insulation when the case-study building is 
designed to meet the different energy standards and insulated with different materials. 
 
Table 2. External wall and insulation thicknesses to achieve the different energy-efficiency standards 
Insulation  
materials 
External wall thicknesses (mm) Insulation materials thicknesses (mm) 
BBR 1994 BBR 2012 Passivhus 2012 BBR 1994 BBR 2012 Passivhus 2012 
Glass wool 204 295 368 152 243 316 
EPS 212 310 387 160 258 335 
Rock wool 236 340 436 184 294 384 
2.2. Primary energy 
We calculate the production primary energy of the external wall insulation materials using data from 
Fossdal [7] and based on methodology from Sathre [8]. We consider the full materials and energy chain, 
including material losses and conversion and fuel cycle losses during the production. Assuming indoor 
temperatures of 22 °C for living and 18 °C for common areas, we use the VIP+ software [9] to calculate 
the building’s final energy-use for space heating, tap water heating and ventilation for each energy-
efficiency standard for the climate of Växjö. We then calculate the primary energy-use to deliver the final 
energy services of the buildings with the ENSYST software [10], assuming heat supply is based on the 
current district heat production system of Växjö. About 82% and 13% of the total district heat production 
of Växjö are from biomass-based combined heat and power (CHP) plant and heat only boilers (HOB), 
respectively and the remaining are from oil-fired CHP and HOB. Electricity for ventilation is assumed to 
come from a biomass-based stand-alone power plant. 
3. Results 
Figure 2 shows the building’s annual operation primary energy (including space heating, tap water 
heating and ventilation) and the production primary energy for the insulation materials to meet the 
different energy-efficiency standards. The operation primary energy for the Passivhus 2012 standard is 
about 45% and 49% lower than that of the BBR 2012 and BBR 1994 standards respectively.  
 
Figure 2. Annual primary energy for operation of the buildings (left) and production primary energy for the insulation materials 
(right) per square meter heated area under the different energy-efficiency standards. 
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     Rock wool insulation for the external walls has consistently slightly and about 17% lower production 
primary energy than glass wool and EPS insulation, respectively. For example, to achieve the Passivhus 
2012 standard rock wool insulation has a production primary energy of 61 kWh/m2 for the external walls 
whiles glass wool and EPS have a production primary energy of 62 kWh/m2 and 74 kWh/m2, 
respectively, to achieve the same energy-efficiency level. 
4. Discussion and conclusions  
In this study, we considered the primary energy implications of the choice of different external wall 
insulation materials in achieving different energy-efficiency levels for buildings in a cold climate. Our 
analysis shows that the production primary energy of the insulation materials becomes relatively 
important as the operating energy is reduced to achieve better energy-efficiency standards. The difference 
in primary energy is not significant between rock wool and glass wool but reaches about 17% between 
rock wool and EPS under each of the energy-efficiency standards. This study shows that, as more 
stringent energy-efficiency standards are introduced and the emphasis on different types of low-energy 
buildings continues to increase, more attention must be paid to the choice of building materials such as 
insulation and envelope structural materials in order to optimize the energy benefits of buildings. 
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